
EE4304/ME4245 Departments of Electrical & Computer Engineering and  Quiz 1  
Robotics  Mechanical Engineering     20 Sept 2003 
 
Please write your name and matric number clearly on your answer sheets. This is an “open-
book” examination. But no sharing of books or notes are allowed. 
 
1. Fig. 1 shows two frames, A and B. B is attached to a 
cuboid whose corners are indicated by Cartesian 
coordinates expressed in Frame A. Determine the ATB 
that describes the position and orientation of Frame B 
in Frame A. 
 
2. Given two fixed frames A and B and a moving Frame C. ATB is known. C is initially at a 
position and orientation indicated by ATC and undergoes the following motion. 
1st) Rotation about x axis of Frame A by 30 degrees, followed by 
2nd) Translation of (1, 2, 3) m along the (x, y, z) axes of Frame C, followed by 
3rd) Rotation about y axis of Frame B by 60 degrees 
Determine and expression for the new position and orientation of Frame C in Frame A (ATC) in 
terms of the known quantities. 
 
3. Fig. 2 shows a planar robot with two rotational joints 
(1 and 2). The 1st moving link is a right angle bar. The 2nd 
moving link is the end-effector that includes the gripper. 
The axes of motion of the two joints are parallel to the x 
axis of Frame U. The positive directions of motion are 
indicated by the arrows in Fig. 2.  Frame U is fixed to the 
ground. 
a) Assign frames to the robot according to the Denavit-

Hartenberg (DH) convention given in class.  
b) Determine the 4 kinematic parameters that describe 

each moving link and indicate which parameter is the 
joint variable (i.e., not constant when the robot moves). 

c)  Define the 4x4 homogeneous transformation matrix that describes the relationship between 
Frame U and a DH frame. 

d)  Define the 4x4 homogeneous transformation matrix that describes the relationship between 
Frame E and a DH frame. 

e)  Which of the 12 elements of the UTE remain constant as the robot moves? 
 
4.  The robot in Fig. 3 is at a known configuration 0TE and the 
manipulator Jacobian 0JE at that configuration is also known. 
The robot’s end-effector is carrying a payload of weight 10 
N. The center of gravity of the payload is at Cartesian 
coordinates (0,0,5) expressed in Frame E. Determine the 
expression for the joint actuation forces (as a function of the 
known quantities) required to carry this payload. Assume that 
the weights of the robot links are negligible.   
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